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INTRODUCTION 


Underground conditions that require ventilation are generai foulness of 
the mine air caused by the presence of decaying organic matter, emanations 
from the lungs and bodies of workers andmimails. quantities of dust. or low 
concentrations of toxic or noxious gases, 


1/ The Bureau,of Mines wili welcome regrinting of this paper, provided the 
following footnote acknowledgment is used: ‘‘Resrinted from Bureau of 
Mines Information Circuiar 7221,’ 

Presented before tne Alleghany-Garrett County Medical Society, Cumber- 
iand Md., October 12, 19.12. 
2/ Director, Bureau of Mines, Medicai Director, U.S. Fubiic Health Service. 
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MINE GASES 


The underground atmosphere may be hazardous to life or 
health through lack of oxygen or contamination by a number of 
harmful gases knorm to many miners as black or choke damp, fire- 
damp, white damp, end aftercamp (1)3/ but referred to by most 
mining men by their principal constituent, as nitrogen, methene, 
cerbon dioxide, or carbon monoxide. Oxides of nitrogen, sulfur 
dioxide, and hydrogen sulfide (stink demp) also may be present 
under certain conditions in concentration high enough to be 
dangerous. 


Mine gases may be classified as asphyxiants or irritants (2). 
The asphyxiants may be subclassirfied as simple asphyxiants and 
chemical asphyxiants. The simple asvhyxiants are inert physio- 
logically, although they may be active chemically. They exclude 
oxygen from the lungs. The chem:ccl asphyxients have some prop- 
erty that makes small quantities in the air have an asphyxiating 
action without excluding oxygen from the lungs. They either act 
on the blood to prevent it rrom transporting oxygen or on the 
tissues to prevent them from using the oxysen when it is brought 
to them by the blood. | 


The irritant gases are those regarded as corrosive from the 
chemical standpoint. They injure the surface tissues and thus 
induce inflammation of the respiratory tract end the lungs. The 
difference in the effects of the verious irritant gases depends 
chiefly on their solubility. 


Asphyxiants 
Oxyzen Der ciency 


When normal eir, which contains about 21 percent (20.94 per- 
cent) oxygen, is circulated through a mine it loses some of its 
oxygen by the breathing of men ald animals; oxygen is consumed in 
mine fires and in explosions of methane or coal dust or both; a4 
certain amount is absorbed by the coal and timber or combined ~ 
chemically with minerals such as pyrite and marcasite; the oxygen 
thus absorbed is replaced lersely by the carbon dioxide, which is 
given off by the coal and dcceyzng timbers .and by the breathing 
of men and animals; moreover, the oxygen content of the air may 
be diluted by intrusion of extraneous strata gases, such as ni- 
trogen, carbon dioxide, methene, and hydrogen sulfide, or by 
Sah formed by action of chemicals in mine water on minerals or 
rocks. — 


The effects of breathing air deficient in oxygen vary with 
the amount or degree of the cefic’ency. If comlets anoxemia is 


37 Numbers in parentheses refer to bibliography at end of circu- 
le | 
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produced suddenly, loss of consciousness occurs immediately and 
without previous warn’ ng symptoms. A miner who breathes pure or 
nearly pure methane or nitrogen droos <s though he had been felled, - 
and when he recovers after breathince fresh air for a rew seconds he 
sometimes imagines that he has been knocked down by another man end © 
may act accordingly. If the enoxemia results with moderate rapidity. 
marked temporary Gisturbences in breathing and circulation es a rule 
give some warning of what is coming. If the onset is gradual and 
without exercise, little or no preliminary discomfort is exnerienced, 
therefore lack of oxygen is very dGengerous. Some investigators (5 
state that the percentege of oxyzen should never Gron below 19 ana 
thet the carbon dioxide increase should never excced 1.25 percent 

in mines. Jn defining pure inteke air, the Mine Sefety Board of the 
Bureau of Mines decided that for health and sefety the air should 
contain not less than 20 percent oxyzen (dry basis). 


When air of Giminishine oxycen content is breathec, symptoms 
appear at different oxygen pressures in different individuals, de- 
pending on health, physical fitness, and are. Schneider (4) found 
that during rebreathing tests in the mecical research laboratory of 
the Air Service, ea fow men experienced an increase in lung ventila- 
tion with the first decrease in the oxygen percentage of the air 
breathed, which increased gradually in inverse ratio to the reduc- 
tion in oxygen. More than 50 percent of the men examined, however, 
gave the first respiratory response at 16 to 14 percent of oxygen; 
ao percent responded first at a lower percentege; and a few gave no 
response. The response was slight in most subjects but became more 
pronounced when the available oxygen had decreased to 12.5 to 9 
percent. With 8 to 8 percent oxygen, most of the men breathed 0.5 
liters more than at the beginning of the experiment, and depth of 
breathing increased 20 to 128 percent. When the minute volume of 
breathing failed to increase or increased only slightly (1 or 2 
liters) as the amount of oxygen inhaled decreased, lung ventilation 
was insufficient, and the subject could not tolerate as low an 
oxygen tension as the man whose breathing gradually deepened as the 
available oxygen decreased. | 


The body adapts itself to some extent to lowered percentages of 
oxygen in the air breathed; that is, the anoxia that would exist 
without adaptation is greatly diminishec, as in persons living at 
high altitudes, or the tissues may adapt themselves to a lower par- 
tial pressure of oxygen. The theory is that accl:matization takes 
place in three weys: (a) By increase in the number of red cells 
available to carry oxygen in the blood; (b) by increase in ventila- 
tion of the lungs; and (c) possibly by active secretion of oxygen 
into the blood by the lungs. Experiments, however, show that ani- 
mals cannot be ecclimatized enc live long at altitudes above 18,000 
feet; they can live in a concentration of oxygen equal to 12 percent 
of 1 atmosphere, but not for more than 6 wecks in a concentration 
equal to 10 percent (5). Owing to lack of oxygen, deterioration 
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sets in, and the animais finally show degeneration of certain or- 
gans; they recover if exposure to the low concentretion of oxygen 
is terminated before deterioration has advanced too far. Peters 
and Van Slyke (6) state that according to general observation, 
residence at altitudes higher than 10,000 feet apnears frequently 
to lead to premature carciac failure. 


Oinple Aspnvxiants 


Nitrogen.- Large quantities of this gas, which forms 78.09 
percent of normal air, wey be present in many poorly ventilated 
mines; varying quantitics may be mixed with carbon dioxide and 
oxygen. It is not combustible and will not support combustion. 

A limited amount is held in coal, erd nitrosen intrusions from 
rock strata are not unusual. fn instance i3 given (7) of the 
accidentel death of two men in a rrencn coal mine owing to a com- 
paratively small but regular nitrocen blower. Nitrogen is not a 
toxic ges, but it cannot suppcrt iife in the absence of coxyzen; 
its erfect is due to its acticn as’a diluent of tne oxyren of the 
air. A German report (8) resarding the effects or nitrogen in a 
Submarine, in which the oxygen supply was cut off unnoticed by 
the crew owing, to demasze to the vessel (the carbon dioxide con- 
tent of the eir was fixed by en alkali.) atates that the ebsence 
of oxygen is unnoticed by the victim, that ne feels better anc 
conjuwes up pleasant mental images end thoushts accompanied by 
wish phantasies, and that he then fells suddenly as though strick- 
en by apeplexy; if he is not removec from the dangercus environ- 
ment, he will disc in a short tiume. 


Methene.- This gas, somevimes celled fireceamp, is combusti- 
ble. “Tt occurs in mines mixed with various amounts of oxyzen, 
nitrogen, and carbon dioxide. There is elways the risk in mining, 
especially in coal mining, of crilling into a pocket of methane. 
Pure methene is colcriess, odorless, and testeless. In certain 
concentrations it burns in air or oxycen with & pale-blue flame. 
It is not a suppovter of combustion in the cenerally accepted 
meaning ena unmixed with air quickiy extinguishes a lamp rlame; 
however, mixea with air in certain vroportions - approx: mate 
limits of inflamnability in air, 5.3 to 14 percent by volume (¢) 
- it is explosive. Although methane is nontoxic it may so dilute 
the oxygen of the air cs to nrocucc the effects Gescribec in the 
discussion or oxygen deficiency. 


Carbon dioxide.- Carbon ciox*de is e« colorless, odorless gas 
having en acid taste. It is ea product of complete combustion cf 
carbon or carbonaceous matter; it 7s also a proeauct of the decom- 
position of organic conpcunds and cf the respirétion of men and 
animals. It will not burn or support combuscton, and it is heev- 
ier than air. Excess cerbon Gioxide in mine air generally 18 &s- 
sociated with oxygen deficiency. Owing to its high specific 
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sravity, it usually collects along the floor.in low places where 
it 1s formed or where it emanates from the rock strata. It is 
likely to be found in long, unventilated dead ends and in winzes, 
especially where porous strata and fissured lodes exist. Carbon 
paar emenates from the reck strata in underground workings of 

certain mines, notably in the Cripple Creek (Colo.) and Tintic 
and Park City (Utah) districts, as well es in some mines in 
Europe; in July 1930 an outburst of carbon dioxide in a coal mine 
in Silesia killeé more than 150 persons, some of whom were hurled 
to death by the explosive violence of the outburst, but most of 
those killed were asphyxicted by the very rapid flooding of the 
workings with carbon dioxide fas (10).. 


In experiments conducted by Buresu of Mines investigators 
(11), about 2 percent of carbon dioxide in oxygen produced a 
Slight increase in lung ventilation but no subjective symptoms; 
© percent in oxygen caused a noticeable increase in lung ventila- 
tion but no other signs or Symptoms ; 7.2 percent produced a 
marked increase in lung ventilation, moderate sweating, and a 
slight fullness in the head after the mixture had been breathed 
for 10 minutes; $ to 10 percent produced about a 300-percent in- 
crease in lung ventilation, and the subjects complained of 
frontal headache and were dizzy and sweating at the end of 10 
minutes. About 9 percent of carbon dioxide in oxygen was breathed 
by some of the subjects for as longs as 45) minutes, but the breath- 
ing was very laborious and dizziness, headacne, and sweating were 
marked. In fact, to have cone any work while breathing this mix- 
ture would have been extremely diff:cult. However, the minds of 
the subjects remeined clear. All observations were made with the 
subjects seated. From these data it was concluded that, although 
it is possitle te breathe 9 to 10 percent of carbon dioxide in 
oxygen, any percentage above 5 will cause noticeable eifects, and 
2 1/2 percent is the highest concentration that should be permit- 
ted in the inspired air “of 2, self-contained oxygen breathing appa- 
ratus at any time. 


Chemical Asphyxiants 


Only two substances are classed as chemical asphyxiants - 
carbon monoxide and cyenide (2). Carbon monoxide is the only one 
found in mine air. 


Carbon monoxide.- Carbon monoxide, frequently called "White 
damo," is a colorless, tasteless, and for ordinary purposes odor- 
less product of incomplete combustion of carbonaceous materials. 
Its specific gravity is slightly less than that of air. "white 
damp" is a term applied by miners to the white mist or “steam that 
under some conditions arises from spontaneously heated coal. Al- 
though carbon monoxide is the principal toxic constituent of 
white damp, the latter term is misleading, as carbon monoxide is 


8982 - o0- 


Google 


LG. feel 


a colorless gas and may be present in mine air from other 
sources, such as explosions of gas or coal dust, mine fires, and 
explosives used in blasting. 


Afterdamp - a mixture of air, nitrogen, carbon monoxide, 
and carbon dioxide - is produced by mine fires, the explosion of 
methane or coal dust, or both. All explosives apparently evolve 
some carbon monoxide, and some are likely to give off oxides of 
nitrogen as well as other toxic gases. Black blasting powder prc- 
duces both carbon monoxide and hydrogen sulfide; in cases of gas 
poisoning it is often difficult to decide which gas has been re- 
sponsible. When explosives containing nitrogen burn instead of 
detonating, nitrogen may be converted to oxides of nitrogen. 


Afterdamp may contain as much as 8.6 percent carbon monoxide, 
and a large amount of carbon monoxide is given off by smoldering 
fires, so that the gases from a fire may be much more dangerous 
than the afterdamp of an explosion and from a practical stand- 
point produce essentially the same effects and require the same 
precautions. Some explosives produce much carbon monoxide and 
others little; hence, there is always risk of carbon monoxiae 
poisoning from the gases from blasting where explosives are used 
unless ventilation is adequate. In fact, carbon monoxide con- 
stitutes a decidedly dangerous hazard in mine blasting, as it is 
generated both by the dynemite fired end by the fuses burned, and 
its harmful effects may be augmented by the simultanéous presence 
of other noxious gases such as carbon dioxide, hydrogen sulfide, 
or oxides of nitrogen. It is formed particularly in raises, 
winzes, and development ends after firing. No mine is free or 
fire hazards, and great loss of life has occurred from the burn- 
ing of a few cords of timber or even of a box of explosives; in 
confined spaces these give off enough deadly fumes to kill sever- 
al hundred men, if they are trapped in a mine where ventilation 
is defective (10). 


The approximate amount of carbon monoxide in gases evolved 
by blasting in mines is given in the following analyses by the 
Bureau of Mines gas laboratory (12): 


CO by volume, 


percent 

Mine explosion, immediately after dust 

explosion (experimental)......... 8.0 
Mine explosion, l hae after explosion in 

COaL. MING. 64:56 68 ie re he RM Ow oe Rae Se 1.0 
NLS: - APC ya Gir e ws aa tras aaah ew ave Beers ; 1.0 
Blasting with 40-percent inten ey 

mite, 7 minutes after shooting 100 

SU Csi eed pe aoe Rea eee atercstias bali * 1.2 
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CO by volume, 


percent 
Blasting-- 
Products of combustion of black blasting 
DOWGCP 6 nw sg. eddie aisle eae BG Suvelnaie 10.6 
Froducts of combustion. oF “40 -percent ni- 
troglycer: n ee pne i ote catae ec 20.0 
Products of combustion of 40-percent 
EMMA OM Oe IMSS sais cain Bes wrist 'R dase Rae cw sare 0.0 


If the amount of carbon monoxice in the fases from blasting 
is known, the amount cf dilution necessary to reduce this gas to 
a harmless percentace can be celculated (13). In blasting a 
round in which 16.48 cubic feet of cérbon monoxide were formed, 
it would be necesse x'y to dilute the seses from blasting with about 
82,000 cubic feet of eir to recuce the carbon monoxide from 0.30 
percent to 0.02. In an unventilatedad 5- by 7-foct drift the gas 
would have to be diffused evenly over a d:stance of about 2,340 
feet to attain this condition. In other words, it would not be 
safe for men to return to work in a long. unventilatea drift of 
this size until the gases from the blast had been diffused over 
a. distance of 2,340 feet from the fece. Should an explosive be 
usea that formea only 6.5 cubic feet of carbon monoxiace when 
blasted, the distance over which the gases would be required to 
be evenly diffused would be ebnout 910 feet. 


, Carbon monoxide acts on men by ciminishing the quantity of 
oxygen that can be carried by the arterial blood from the lungs 
to the body tissue, thus interrering with the oxygen metabolism. 
The affinity of carbon moncxide for the blood 7s about 300 times 

that of oxygsn, and even if only a small amount of the gas is 
present in the eir breathed into the lungs it will be absorbed by 
the hemoglobin in preference to oxyren. ror a person av rest, it 
has been assumed (14) thet £0 percent of the cquilibrium values 
is attained after the following periocs: 


Concentration of Blood saturation (80 Time , 
carbon monoxide percent of approximate hours 
in air (inclusive), equilibrium valucs), 
bie OOO ine ee Oe et te 
0.02 - 0.03 Toes 30 o - & 
04 - .06 36 - 44 4 - 6% 
pOr =e gO AT = 53 8 - 4 
pode ee gD So - GO 1-1/2 - 3 
Oe eZ Gt - 64 1 - 1-1/2 
SO) gO G4 - 68 1/2 - 3/4 
wO0-= woo 68 - TS af 0: = OO 
50 - 1.00 73 = 76 ‘yes 
1/ Minutes. 
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With a given blood saturation, the character and severity 
of symptoms acquirec during exposure to carbon monoxide Cepenc on 
the time required to attein thet seturation and the degree of 
muscular activity - in other words, the extent of oxygen deprive- 
tion. The number of symptoms decreases with the rate of saturat: on 
with high concentrations the victim may experience only a few 
(weakness and dizziness). If a given saturation has been ac- 
quired by long exposure to a low concentration, the symptoms enc 
aftereffects are likely to be much more severe than if it has 
peen acquired by a short exposure to a high concentration. Mus- 
cular activity increases the mumper and eccentuates the character 
of the symptoms during exposure; it also brings out latent symp- 
toms after exposure. aA person at rest may pass into dizziness 
and unconsciousness without exper!.encing any marked previous 
effects. In general, the precomineting symptoms accompanying the 
various percentages of saturation are as follows: 

oymotoms 
Bleod saturation, percent: 
Ouse DO? 2a ge ahaa Sean 11. SyMOLOMs< 

LOU OC deienwg aie ee eee eat Te ‘ehtnese across Poveheens NOSE 
bly slight headache, ailation of 
cuteneous blood vessels. 

20 = 30) aa Nitducetewdasas uneadecho* tThrobbine in temples: 

30 - 40 ,..cecesocesesere oevere headache, weakness, dizz:- 
ness, Gimness of vision, neauseé 
anc. vomiting, collapse. 

AQ = BO weeceveccvececere came as previous item with more 
nossib:lity of collapse and syn- 
cope; increased respiration ana 
~ulse. 

50 - 60 ....scceceveresee ovmicone, increased respiration anc 
pulse; “coma with intermittent Con} 
visions: Cheyne-Stokes's res- 

| nm ration. 

GO - 70 ...ccecceesecoevee Come. with intermittent convulsions; 
cepressed heart action anc res- 
piration; possible ceath. 

710 = B80 c.rcrvecoseeevse es Weak nulse and slowed respiration; 
respiratory feilure and death. 


In addition to the concentration of carbon monoxide in the 
air breathed, length of exposure, rats of respiration, and pre- 
sence of other toxic gases, factors governing pnysitological re- 
action are the physical concition ann age of the victim. 

irritants 


The irritant gases found in m nes incluce oxides of nitrogen. 
sulfur Gioxice, and hydrogen sulfice. 
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Oxides of nitrogen may be present in mine atmospheres whe 
nitroglycerin, blasting gelatin, dynamite, or other high explo- 
Sives are burnec rather then exploded or when the explosion or 
detonation is defective or incomplete; the concentration also is 
likely to be high in case of a blown-cut shot. Haldane (14) 
founda that when nitroglycerin was exploded the gases of combus- 
tion were 63.2 percent carbon dioxide and 31.6 percent nitrogen 
but that when it was burned tn the presence of its own gases the 
gases of combustion contained $5.9 percent carbon monoxide and 
43.2 percent nitric oxide. On contact with air the letter gas is 
oxidized immediately to neroxide and other oxides of nitrogen. 
Peroxide of nitrogen probably :s the most irritating of any of 
the oxides of nitrogen. 


Fumes of oxides of nitrogen are treacherous bec@use persons 
subjected to a concentration that produces only slight irritation 
of the eyes or respiretory passages at the time of exposure may 
die within the next day or two from acute inflanmation of the 
lungs and air passages. 


Sulfur Dioxide 


Sulfur dioxide in mine air almost alwavs indicates a mine 
fire; however, sometimes it is produced by the detonation of ex- 
plosives, especially in the blasting of certain sulfide ores. 

It is very likely to be present in sob fires in which iron or 
copper pyrites is burning (15). 


Sulfur dioxide is a colorless, suffocating, irritating gas 
with a strong, pungent, sulfurous smell. Even relatively small 
percentages are poisonous. One part in 500 is aimost intoler- 
able to breathe and is very irritating to the eycse and respira- 
tory passages. In mo:st atr sulfur d:oxide changes quickly to 
sulfurous acid, which readily dissolves in water to form sulfuric 
acid. This hapnens when it reaches the exposed moist mucous mem- 
branes. 


Irritation from fumes of sulfur dioxide may begin with as 
low a concentration as 0.01 part in 1,000 parts of air; suscept- 
ible people are made i11 by 0.03 part; and animals are killed in 
10 minutes by 0.8 part, with dyspnea, cyanosis, convulsions, and 
catarrhel or croupous inflammation or the respiratory tract. 
Usually men can develop tolerance to relatively h:gh concentre- 
tions, apparently without injury. 


Hydrogen Sulfide 


Hydrocen sulfide - called "stink cemp" from its odor, which 
resembles thet of rotten egas - is a colorless gas and usually is 
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a product of the decomposition of sulfur compounds. Consider- 
able emounts often are formed by the use of black blesting pow- 
caer or dynamite in blasting sulfide ores. Enough hydrogen sul- 
fide has been found in coal anc some noncoal mines durins normel 
operations to cause severe eye irritetion (12). In some instan- 
ces the presence of hydrogen sulfide has been attributed to de- 
conmositicn of organic cebris. 


Consicereble hydrogen sulfide, which is readily soluble 2n 
water, is released from water streams encountered in minting; it 
is found sometimes in stagnant water underground, verticularly 
where ventilation currents are eosent, and sreat care must be 
exercised when accumulations of such waters are disturbed. 


The followint physiological response attends exposure to 
various concentrations of hydrogen sulfide by volume in air (16): 


Subacute poisoning, with slight symptoms such as 
mild conjunctivitis end respiratory-tract 
irritetion,occur after an exposure of 1 
hour to 0.005 to 0.010 percent hydroren 
sulfide; 


0.02 to 0.03 percent causes marked conjuncti- 
vit..s and respiratory-tract irritation 
etter 1 hour of exposure; —_ 


0.05 to 0.07 percent is cGanzerous in 1/2 to 1 
hour; 


0.07 to 0.10 percent causes rapid unconsc:.ous- 
ness, cessetion of respiration, and death; 
and 3 


0.10 to 0.20 vercent causes rapid unconscious- 
ness, cessation of respiretion, end acath 
in a few minutes. 


MINS DUSTS 
One of the principal safety, efficiency, and health prob- 
lems confronting mining men is eradication of dust rrom mines ena 


mining plants, or so dim-nishineg or diluting it that it will not 
be a menece to the mine or plant and the workers therein. 


Dust conteinins freo silice (quertz, flint, and chert) is 
probably the most hermful ordinarily found in underground coal- 
mine workings. 
sources or Dust in Mines 


A study by the United States Public Health Service (17) of 
the incicence of dust diseases in the bituminous-coal mines of 
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Utah revealed that the dustiest overations were associated with 
the underground occupations of hand loading, undercutting, rock 
Gusting, and drilling. Hand loacers were found to be exnosed 
to weighted averace dust concentrations of 88; undercutters, 34; 
rock dusters, 34; and driilers, 2c million particles per cubic 
foot of air. The dust exposure for other underground workers 
ransec from 4 million particles per cubic foot for timbermen to 
23 million for rock workers. The dGustiest occurations above 
grouna were found in the tipple. Car loadins, with a dust con- 
centration of 119 million part:cles per cubic foot, exceeded all 
other occupatzons. The next greatest concentrations in the 
tipple were for car dumpers and couplers, rope tenders, and 
Switchmen, who were exposed to approximately 30 million varti- 
cles. The only occupation above ground, with the exception of 
the tipple, that had a hish concentration of dust, was sand dry- 
ing, with 98 million particles; ell other surface occvpations 
hed 5 million particles or less. 


Physiological Effects of Mine Busts 


Statistics (18) indicate that much higher morbidity and mor- 
tality rates from pulmonary Cisecasss are experienced in dusty 
than in nondusty industries, especially where dust containing 
free silica is used or produced. 


The principal pulmonary diseases to which coal miners are 
subject are bronchitis, influenza and pneumonia, pulmonary tuber- 
culosis, anthracosilicosis, end silicosis. 


Medical exemination or 007 bituminous-coal-mine workers in 
Uteh (17) revealed the presence of anthracosilicosis, a modified 
form of sil: cosis due to inhalation of silica admixed with large 
amounts of carbon cust, wnoich may cccur durings mining or process- 
ung or bitum:nous coal. Diagnosis of the disease among bitumi- 
nous-coéal miners in Utah was based unon cherecteristic X-ray find- 
ings, symptoms and ohysical findings, and a history or several 
years' employment in bitwninous-coel mines. It is thought thet 
the exposure of these men to free silica (5:02) resulted from 
rock work, the handling of coal conta:ning bony, rock dustingc, 
and the dispersion of fine send -.n the haulegeways. [ive sam- 
vles obtained near the face workers ranged in total silica con- 
tent from 3.2 to 68 percent, while the quartz content of these 
samples ranged from 1 to 11 percent. Anthracosilicosis was found 
in 16 (3.2 percent) of these bitum:nous-cosl-mine workers. Fif- 
teen of these 16 workers showed evidence or first-stace anthra- 
cosilicosis with but little Cisability, one worker showed evi- 
dence of second-stage anthracos.licos:s with moderate disability, 
anc in no instance was third-stace anthracosilicosis found with 
severe or total disability. 
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Anthracosilicosis was found only in workers whosé principal 
occupation wes in the mines; no cases were found among tipple or 
other surface workers. Thirteen cases occurred among men work- 
ing at the face and three among transportation workers. The in- 
cidence of anthracosilicosis among the 346 underground workers 
was 4.6 percent; 26 cases of early or borderline anthracosilicosis 
were also found among this group. The X-ray changes, symptoms, 
ana physical findings in all these cases were similar to those 
discovered by the Public Health Service in previous médical 
studies of anthracite miners, pottery workers, and pegmatite min- 
ers. 


Among underground workers, the incidence of anthracosili- 
cosis increased with increasing weighted average dust concentra- 
tions and increasing duration of employment. Anthracosilicos:s 
wes not founda among workers with less than 10 years of employ- 
ment in bituminous-coal mines and was found in only two instances 
among men working in an average weignted dust concentration of 
less than 20 million particles per cubic foot of air. Duration 
of employment was important, as the incidence of anthracosili- 
cosis rose from 1.7 percent for those employed 10 to 19 years 
and 5.1 percent for those employed 20 to 29 years to.22.5 per- 
cent for those employed 80 or more years. 


Previous employment in bituminous-coal mines outside of 
Utah was found to be an importent factor in this study, es 10 of 
the 16 cases of anthracosilicosis observed gave a history of 
employment in other sections of the United States or in England. 
These 10 men with a varied coal-mining experience had averaged 
16.2 years in Utah coal mines and 17.6 vears in other bituminous- 
coal mines. 


In England during 1936, the Home Office asked the Medical 
Research Council to investigate the problem of chronic pulmonary 
disease emong the South Wales coal miners. The field investiga- 
tion was completed in 1941 by the Committee on Industrial Pul- 
monary Disease (19). The Committee found that the standard of 
diagnosis for compensation of silicosis is too restrictive in 
that it prevents compensation for a disabling pulmonary disease 
contracted in the South Wales coal fields that apparently is 
occupational in origin. In its report the committee stated that 
the X-ray criterion is based essentially upon experience of sili- 
cosis in other occupations sone. excludes those cases of pulmonary 
disability in wnich the radiographs show only reticulation, al- 
though the investigation established the fact that such cases are 
true instances of occunetional disease... For purposes of compen- 
sation, the committee recommended that "the X-ray stendard re- 
quired for the diagnosis of the 'pnéumokoniosis of coal workers' 
sea reticulation as well es noculation and consolida- 
tion. 
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It also stated in part that-- 


Althougn the Committee recornise certein dis- 
tinctions between the pulmonary ebnormality found 
typicelly in colliers and that found typically in 
hard-heading workers, they believe that differentia- 
tion between the two conditions is impracticable in 
routine work, end that one term is preferable to 
cover both. They, therefore, recommend the use of 
the comprehensive term "pnevmokoniosis of coal work- 
ers" for all the vulmonary conditions described as 
ague to dust in workers engased in any operation un- 
dereround in cosl mines, in screens workers at col- 
lieries and in coaltrimmers at docks. 


PREVENTION OF UNDERGROUND ATMOSPHERIC 
CONDITIONS HAZARDOUS TO HEALTH 


For the sake of brevity, only general preventive measures 
for the control of health hazarcs from inadequate mine ventila- 
tion are discussed. More detailed tnformetion can be obtained 
by readers from voluminous reports in the literature on this 
subject. 


Adequate ventilation of uncerground mine workings is the 
most important means of controlling seses and dust in mines. 
It comprises establishment of such control of air currents that 
underground workers may work in safety with maximum comfort and 
efficiency and without impeirmert of health; thet the air flow 
in mine openings may be mace subject to such control as to re- 
move harmrul gases and dusts from the workings at ordinary times; 
and that in an emergency, such as fire or explosion, as much or 
as little air flow may be maintained as desired in parts of the 
mine or in the mine in its enturety (10). 


The importance of ventilation in mines is indicated by the 
fact that it is resulated by law in some States. In these 
States, the basis of calculation is the quentity of air to be 
supplied per person and per animel underground rather than the 
quality from the standpoint of health and comfort of those ex- 
posed thereto. Requirements range from the inderin=te "opera- 
tors must furnish good ventilation" or "sufficient current of 
fresh air for health and safety of miners" in some States to a 
more or less definite "not less than 85 cubic feet per minute 
per person and 500 per animal," end "150 cubic feet per minute 
per person and 600 ner animal in gassy mines" in other States. 
For example, the law for Meryland (20) (as of March 22, 1937) 
contains the following provisions reserding ventilation of mines: 


Mines are to be ventilated so as to dilute, carry 
off, and render harmless all noxious or dangerous gas- 
es, affording in nongaseous mines not less than 100 cu. 
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ft. of air per minute per person, and 300 cu. ft. of 
air per minute per animal, and in gaseous mines, a 
minimum of 150 cu. ft. of air per minute per person, 
and 500 cu.. ft. of air per minute per animal (art. 

89, sec. 99). Mining ventilation to be split so that 
not more than 75 men share same source of ventilation; 
provision also, that in gaseous mines, District Mine 
Inspector may require snlit of ventilation per smaller 
unit group of men (art. 89, sec. 101). Mines employ- 
ing more than 10 versons at any one time, unless re- 
quired ventilation is. provided by other approved means, 
not e furnace, the current therefor shoulc be provided 
by fan of substantial trpe (art. 89, sec. 103). 


The Bureau of Mines (21) makes the following recommendations 
regarding the aveTe ey of air to be supplied to underground work- 
ers: | 


The quantity in cubic feet per minute of pure air 
in any split, circulated through the last open cross- 
cut, should be not less than 200 times the number of 
men working in the section, and as much more as may be 
required. | 


The quantity of air reaching the last’ open cross- 
cut on any pair of working entries, headings, or gang- 
ways, or the maximum inby point of 4& split should be at 
least 6,000 cubic feet per minute. 


' The quantity of air reaching the face of each work- 
ing place should be et least 200 cubic feet.per minute 
per man employed and as much more as may be necessary to 
dilute and carry away any inflemmable or harmful gases 
that may be present. 


All entries, rooms, penels, or sections that can- 
not be kept well-ventilated throughout and regularly 
inspected, or that’ are not being used for coursing the 
air, travel, haulage, or the extraction of coal, should 
be sealed by strong, fireproof stoppings and provided 
with some means of bleeding-off the gas into the return. 


Pnevention of Polsonins by Mine Gases 


In addition to good ventilation to dilute and carry away the 
gases, other rreventive measures are: Avoidance of exposure to 
air known to eccntain poisonous gases; use of adequate protective 
equipment wiicn etmospheres known to contain poisonous gases are 
to be encountered; keeping calm when it is necessary to enter or 
be exposed unprotected to atmospheres containing gases; not 
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hurrying but getting to fresh air as qui ickly, end with as little 
exertion, as possible; and using methods or mining or tunneling, 
blasting, and mucking that will minimize the occurrence of the 
vases or their release. 


Control of Dust Yezard in Mines 


There are two main lines of approach to thé problem of dust- 
disease prevention in industry - the eng? neering, through control 
of cust production, and the medical, throush preemployment and 
periodic physical examination of workers; success Gepenas on 2 
combination of the two. 


As dust is the greatest contributor to the excessive mor- 
tality from pulmonary diseases in the mining industry, the prin- 
cipal method of preventing these diseases is to eliminate as far 
as possible or reduce to hamnless concentretions the dust to 
which workers ere exposed. The princival measures for doing 
this in mining operations are ventilation, wet methods, proper 
blasting practice, and the use of personel respiratory protection. 


Analysis of date. collected py the Public Health Service to 
determine safe limits of dust exposure indicate that employment 
in an atmosphere containing less than 50 milili.on dust particles 
per cubic foot produces a negligible number of cases of silico- 
sis when the quartz content of the dust is less than 5 percent; 
when the silica content is about 13 percent 10 to 15 million 
particles appears to be a sate limit; wnen the quartz content is 
higher 4 million particles probebly woulda be e safer limit: under 
some conditions. 


Although, steiery speaking, _preemployment and periodic 
physical examination is not a dust-control measure, it is en im- 
portant means of determining the efficacy of the methods employed 
to reduce the dust hazard. If workers exposed to dust are ex- 
amined periodically, early menifestations of respiratory disease 
can be discovered and measures taken to reduce the amount of dust 
in the air or to transfer affected workers to a less hazardous 
environment. 


Treatment of Poisoning by Mine Gases 


The steps in effective treatment of acute poisoning by nox- 
ious gases are: 


1. The victim should be removed to fresh air as 
soon as possible. 


2. If breathing has stoppec, =s weak and inter- 
mittent, or is present in only occasional gasps, arti- 
ficial respiration by the Schaefer method should be 
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given persistently until normel breathing is resumed 
or until a physician declares that the patient is dead. 


3. Circulation should be aided by rubbing the 
limbs toward the body trunk end by keeving the body 
werm w:.th blankets, hot-water bottles, hot bricks, or 
other Gevices, care being taken that these are wrapped 
or do not come in contect with the body and produce 
burns. Ths aids in tiding the bocy over a period of 
low vitalitv. Other stimulents, such as hypodermics of 
caffein, sodium benzoate, or camphor in oil, shoulda only 
be administered by a physician after he has considered 
the possibility of overstimulation and consequent col- 
lapse. . 


4, The patient should be kept at rest, lying down, 
to avoid any strain on the heart. Later, he should be 
treated as @ convalescent anc given plenty of time to 
rest and recuperate. 


8. Aftereffects of poisoning by such BEses should 
be treated symptomatically. 


6. It should be emphasized that inhalations, for 
20 to 30 minutes, of oxygen or 2 o-percent mixture of 
cerbon dioxide in oxygen, if available, will immediately 
greatly reduce the number and severity of symptoms of 
carbon monoxide poisoning, as well as decrease the possi- 
bility of serious consequences. All industries in which 
this type of poisoning commonly exists should provide oP- 
peratus (inhalers) for the efficient administration of 
these treatments. The apparatus should be placed at 
points most convenient for treating carbon monoxide poli- 
soning, and employees should be trained in their use so 
that resuscitation may be eifected immediately. 


Treatment of Dust Diseases 


The treatment of anthracosilicosis is symmtomatic. The 
treatment of other respiratory diseases that occur more frequent- 
ly among miners, such as bronchitis, pneumonia, and tuberculosis, 
need not be discussed in this paner. 


Mortality anc morbidity from pulmonary diseases ere excess- 
ive in the mining industry as a result of exposure to large quan- 
tities of dust in the air breathed. Therefore, control of the 
Gust hazard is necessary to prevent these diseases. No single 
measure of control is applicable to all dusty operations and pro- 
cesses; therefore, all the means of prevention must be practiced 
to inswre success in the solution of the problem. 
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